Introduction: The epidemiological characteristics of the hepatitis C virus (HCV) infection in Republic of Serbia have not been studied sufficiently so far. The aim of this study was to estimate the prevalence of anti-HCV positivity in the general population of Serbia and determine the risk factors for this infection. Methodology: Estimation of the prevalence was done using the median ratio method with data from several regional countries to a previously determined prevalence of anti-HCV positivity among volunteer blood donors of 0.19%. In order to determine the risk factors a matched casecontrol study was conducted of 106 subjects with confirmed HCV infection from the Clinic for Infectious and Tropical Diseases, Clinical Center of Serbia and the same number of hospital controls matched by sex and age. Results: The estimated prevalence of anti-HCV positivity in the general population of Serbia was 1.13% (95% CI: 1.0-1.26%). The most important predictive risk factors of HCV infection were: intravenous drug use (OR = 31.0; 95% CI: 3.7-259.6), blood transfusions (OR = 3.7; 95% CI: 1.6-8.7), invasive dental treatment (OR = 3.1; 95% CI: 1.4-6.8), and low level of education (OR = 2.2; 95% CI:1.1-4.7). A total of 91.5% of the persons with hepatitis C had at least one of the significant risk factors. Conclusion: The prevalence of anti-HCV positivity ranks Serbia in the range of mid-endemic European countries. Preventive measures should be directed at preventing drug use, on education about getting the infection, creating safe conditions for blood transfusions, and strict adherence to adopted practices in dentistry.
Introduction
Hepatitis C virus (HCV) infection is currently one of the most important health problem worldwide. It has been estimated that more than 150 million people throughout the world are positive to antibodies to HCV (anti-HCV), while 71million suffer from it as a chronic infection [1] . Furthermore, HCV is the most frequent cause of chronic hepatitis, with the frequency of 25-50% (depending on the world region), and it is one of the most significant risk factor of hepatocellular carcinoma, found among approximately some 60% of those afflicted by this malignancy [2] . HCV, as the cause of end stage of liver disease (ESLD), is the most frequent cause for liver transplants with approximately of 40% of liver transplant recipients infected by this virus [3] .
Considering the spread of the infection and the significance of hepatitis C, for both the afflicted patient and for society on the whole, in 2006 the European Centre for Disease Prevention and Control (ECDC) introduced a system of active HCV infection monitoring. This system envisages the monitoring of the epidemiological characteristics of HCV infection (prevalence, incidence, routes of transmission, assets invested in controlling it, effectiveness of recommended measures, etc.) in the European Economic Community countries (the European Union member states with Norway, Iceland and Lichtenstein).
Unfortunately, Serbia is not included in this program. The main problem is the absence of adequate epidemiological data on the spread of the infection within the general population or on the means of virus transmission. The studies that have been conducted in Serbia so far were mainly focused on persons receiving antiviral treatment or were limited to certain risk groups, such as people who inject drugs (PWID) [4, 5] .
The aim of this study was to estimate the prevalence of anti-HCV positive persons in the general population of Serbia and to determine the risk factors for the transmission of this infection.
Methodology
A two-part study was conducted in order to find the answers to the aboveepidemiological facts. In the first part of the study the prevalence of anti-HCV positive persons was estimated by using the median ratio method. In the second part risk factors for HCV infection were determined by using the matched casecontrol study.
Estimation of the prevalence of anti-HCV positive persons in the general population
Estimating the frequency of anti-HCV positive persons among the general population of Serbia was done by using the median ratio method to the determined prevalence of anti-HCV positive persons among voluntary blood donors in the previous part of our research.This part of research was conducted at 10 major transfusion centers in Serbia, thus covering the whole country, during the year 2013. In total a cohort of 27,160 subjects (voluntary blood donors who gave blood for the first time) were included in this research's part. The prevalence rate of anti-HCV positivity was 0.19% (95% CI: 0.14-0.24%) [6] .
The prevalence estimation was done using the median ratio method between the anti-HCV positive in the general population and among voluntary blood donors in tenregional countries with available data. The data from regional countries is shown in Table 1 [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The next step was to determine individually the value of the median of the anti-HCVpositive in the general population and among voluntary blood donors in these countries. Their rationswere applied to the previously determined prevalence of the anti-HCV positive among voluntary blood donors in Serbia, which gave an estimate for the general population.It isexpressed as a value corresponding to the 95% confidence interval (95% CI). This method was used in the investigation by Hope et al. for estimating the prevalence of hepatitis B and hepatitis C in the European region [7] .
Determining risk factors for HCV infection
A matched case-control study was conducted in order to determine the risk factors for HCV infection. A total of 106 cases and the same number of matched controls were collected from the Clinic for Infectious and Tropical Disease, Clinical Centre of Serbia, during the year 2014. The cases represented persons with HCV infection confirmed in the last five years, who had not therapy initiated yet, nor did have co-infection with other inoculation viruses (HBV, HIV).For each case, hospital control from the same clinic was matched by sex and age (5 years) from among patients hospitalized during the same period of time for various clinical conditionsexcluding liver disease and HCV infection. All the patients had been explained in detail the aims and purposes of the research, and they agreed to participate in the study as volunteers. All participants in the study provided written informed consent.
All participants confidentially filled in an identical questionnaire on their own. The questionnaires were then assigned sequence numbers at the time of inclusion in the study. A register matching sequence numbers and subjects was kept on a separate form. The questionnaire consists of two parts. The first part contained general demographic questions of the subject, while the second part contained questions about previous exposure and potential risk factors for HCV infection (copies of the questionnaire are available from the authors). The questionnaire was tested previously on 10 persons hospitalized at the Clinic for Infectious and Tropical Diseases, five persons with and five without HCV infection.Suggestions and critiques of these patients were taken into consideration and the questionnaire was modified.Tests of these subjects were not included in the study.
Statistical Analysis
The statistical analysis of the data was descriptive and analytical. An odds ratio (OR) with 95% CI was used to determine the significance of individual HCV Multivariate analysis was used to determine the main risk factors for which univariate analysis determinedstatistical significance of p<0.1, by using multiple logistic regression analysis for potential confounding and a definite conclusion. The IBM SPSS software package version 15.0 (SPSS Inc, Chicago, IL, US) was used for statistical analyses of parametric and non-parametric variables. P value <0.05 was considered significant with 95% confidence interval (CI). Ethical approval for this study was obtained from the Ethics Committee of theMedical Faculty University of Belgrade, number 2013/29/IX-7. All subjects gave written consent for participation in the study.
Results
The estimated prevalence of anti-HCV positive persons in Serbia using the median ratio method was 1.13% (95% CI: 1.0-1.26%).
The basic demographic characteristics of the subjects are shown in Table 2 . The subjects were predominantly male (64.2%), with the ration of sexes of 1:1.79. The average age of the subjects with HCV infection was 41.3±11.6 years, with the highest frequency between 25-44 years (67.9%). Both groups of patients were mainly from urban areaswithout difference in frequency (p = 0.091). The control group subjects compared to patients group had higher level of education, there were more of them who graduated from post-secondary educational institutions and universities (p<0.001). A significantly smaller percentage of HCV sufferers were marriedin comparison with control group (45.3% vs. 59.4; p = 0.039).
Results on factors for HCV infection using the univariate analysis are shown in Table3 Persons who abused psychoactive substancemost often use drugs intravenously. Of these 27,22 (81.5%) stated that they had used drugs in this manner earlier in life, three (11.1%) only tried them, and one each (3.7%) responded that they still usedthem regularly or occasionally. Only one subject from the controls used drugs intravenously, and only tried it at that, while the remainder administered them nasally. Of the subjects with HCV infection with this risk, 10 (37%) stated that they shared needles.
Recipients of blood and blood derivatives had 4.4 more times for HCV infection. Considering the year when the transfusion was received, most of the persons with HCV infection (76%) received transfusions before 1994. The majority of both groups received only one transfusion, and regardless of their numbers significance was not found.
Surgical treatmentwas not predictor for HCV infection, opposite to invasive dental procedures (apicoectomy, curettage, root canal work), regardless of their numbers.
Tattooing and body piercing also showed significance for HCV infection (p = 0.016 and p = 0.001, respectively).No significance was found in the frequency of these practice.
HCV infected persons had stayed in prison significantly more often than controls (p = 0.008). None of the subjects was incarcerated more than once. The length of prison stay was an average of 24 months for HCV infected persons and 2.25 months for the controls, which was statistically significant (p = 0.045).
Sexual relations were not significant as a predictive factor for HCV infection (p = 0.313). However, persons with HCV had a statistically higher number of sex partners than the controls (9 vs.4 partners; p = 0.024), and they had sexual encounters more frequently with persons at risk of HCV infection (p < 0.001). Only three subjects from both groups stated that they had engaged in same sex acts.
Similar to same sex acts, acupuncture, circumcision, living with persons having hepatitis C and professional exposure to blood could not be properly analyzed considering the small number of subjects who gave affirmative responses to these risks.
Significant factors brought into correlation with HCV infection at the p<0.1 levelusing univariate statistical tests were submitted to multivariate logistic regression analysis. Independent risk factors that remained statistically significant were: intravenousdruguse (OR = 31.0; 95% CI:3.7-259.6; p = 0.002), blood transfusions (OR = 3.7; 95% CI:1.6-8.7; p = 0.002), invasive dental treatment (OR = 3.1; 95% (Table 4) . Finally, out of 106 subjects with HCV infection, 97 of them (91.5%) replied affirmatively to at least one statistically significant risk factor of HCV infection. Additional investigationsestablished that 42 subjects (39.6%) knew exactly the time when they were infected.
Discussion
The prevalence of anti-HCV positive persons in the general population of Serbia is estimated on average 1.13% (from 1.0% -1.26%). This places Serbia in the group of mid-endemic European countries with a rate of HCV infection of around 1.5%, together with Ireland, Poland, Slovakia, Belarus, and Belgium. Lower prevalence (around 0.5%) is found in the developed countries of northern and central Europe (The Netherlands, Denmark, Great Britain, Czech Republic, France, Germany). A higher prevalence about 2% is found in the southern and eastern countries in Europe (Italy, Spain, Portugal, Lithuania and Latvia). According to data, the highest prevalence of anti-HCV positive persons in Europe was reported from Ukraine, Russia and Moldova (around 4%) [12] .
Among regional countries with Serbia, the estimated prevalence of anti-HCV positive persons in the general population is similar to that in Croatia, Slovenia and Bulgaria (around 1%), while ishigher than in Hungary (0,7%) [9, 10, 14, 16] . However, a higher prevalence in the general population has been registered in Bosnia and Herzegovina, Macedonia and Greece (from 1.5% to 2%), as well as in Albania and Romania (around 3%) [11, 12, [15] [16] [17] .
In our studythe majority of HCV infected persons are men aged 24-45 years. Domination of maleswas also registered in most other countries, although there are countries where the ratio of the sexes is similar, such as in Mexico and Mongolia. It has been assumed that the greater ratio of infected males can be attributed to their more frequent exposure to infection risk factors of blood borne diseases in generally. Additionally, the study conducted in Serbia in 2009, it was also shown that drug use was more frequent in males, as the most important mode of HCV transmission [18] . The majority infected with HCV live in urban areas (75%), which is in accordance with other reports. It is assumed that the reason for the greater incidence of infected persons in urban areas is related to better testing capabilities than in other environments [19] .
Furthermore, it is possible that urban populations are more exposed to behavior of greater risk than those in rural areas. Considering family relationship status as risk factor, HCV infected persons tend to be married less often than controls. We assumed that this difference most probably can be attributed to greater levels of promiscuous behavior among persons living the single lifestyle, engaging in same sex encounters or experiencing other forms of risky behavior.
In addition, HCV infected persons have in general lower level of education than the controls, so we can accept that education level is an independent risk factor of HCV infection. Other researchers obtained similar results. This may be explained by the fact that lower socio-economic status correlates to more frequent abuse of drugs and failure to follow advice on the use of disposable sterile syringes and needles [20] . It may be possible that persons with low education are less informed about viruses, blood borne diseases and how they are transmitted.
Multivariate analysis in our study shows that the greatest risk of HCV is intravenous drug abuse (IVDU). These persons have 30-fold greater chance of HCV infection. Nowadays, in other countries as well, this is the most significant route of HCV transmission. In European countries the percentage of infected persons among IVDU-s varies from 50% (in Cyprus) to around 80% as registered in Germany, Netherlands, Sweden, Portugal and Eastern European countries [21, 22] . The study of this population in Serbia conducted in 2005 in Belgrade, the main and largest city in Serbia, showed that the percentage of anti-HCV positive among PWID was 63% [4] . Unfortunately, there is no information for other parts of the country. In our study among total number PWID, only 37% stated that they had shared needles. Such a low percentage was unexpected. For example, the study conducted in Scotland showed that 79.4% of HCV infected persons shared syringes and needles or other implements (containers, filters, water) during the preceding six months [23] . The lower percentage we found was perhaps the result of the insincerity of the subjects and their desire to hide that they belong to such a part of society.
Transfusions of blood and blood derivatives are also predictors for HCV infection, particularly for recipients before 1994. This is the year when Serbia introduced systematic testing for HCV of all voluntary blood donors. Furthermore, before the 1990s transfusions were the main route route of HCV transmission and this was a very easy route for transmission of the disease. Interestingly, one study from 1995 showed that 81% of blood recipients acquired HCV after receiving blood from a person who was anti-HCV positive [24] . Nowadays some developed countries are using tests that directly detect viral RNA in the blood of donors, whereby this risk is reduced to a minimum (approximately 1 per 1,000,000 units of blood) [25] . Unfortunately, due to the high costs of these tests, only third generation serological ELISA test is still in use in transfusion centers in Serbia. We must remind that these tests detect the immune response, the production of HCV antibodies, considering the impossibility of recognition the window period from the moment of infection to appearance of detectable levels of antibodies.
Furthermore, we have found that an invasive dental treatment is a risk factor for HCV infection in Serbia. Also persons who have had any of these interventions have a three times higher risk for it. The presence of HCV in oral fluids may be of importance for virus transmission. As a result, dentists are in professional risk group for HCV infection [26] . They can also transmit HCV to their patients if they do not adhere to infection control measures and practices. Previous studies showed that the risk of HCV infection was increased with invasive dental treatment, such as apicoectomy, oral surgery and root canal treatment [27] . Contrary to this, studies on pediatric population failed to identify dental treatment as a risk factor of hepatitis C. Regardless of these different findings, it is generally accepted that HBV and HCV transmission during dental treatment is possible, from patient to patient, from dentist to patient and from patient to dentist, and great attention must be directed at its prevention. Prevention measures include the use of disposable instruments wherever possible, proper sterilization and strict adherence to the principles of asepsis, wearing gloves and other protective gear during all dental interventions [28] .
Finally, of the 106 persons with HCV infection who took part in the study, 91.5% replied affirmatively to at least one of the identified risk factors of HCV infection. This result confirms the assumption of Alter that careful questioning of patients with hepatitis C could reduce the percentage of those for whom the route of transmission cannot be determined down to only 10% [29] .
We accept the potential limitations of our study, and we have tried to minimize them. It is possible that estimated prevalence could differ from its actual value. However, in conditions in which it is not easy to conduct a population-based study that requires major funding, which have been conducted in only a handful of the most affluent countries, the ratio estimation method can be used cautiously to estimate the prevalence. This method was successfully used to determine the prevalence of HCV in the general population by researchers from England and WHO [7] . Other limitations pertain to potential recall bias. It may be expected that no one forgets using drugs or receiving a transfusion, but it is possible to mistake the correct time frame. To try to overcome this we included in the study those persons who learned of their HCV infection in the past five years. It is also impossible to overlook the fact that some respondents did not sincerely answer sensitive and delicate questions from the questionnaire that pertain to possible routes of transmission. We attempted to avoid this by guaranteeing anonymity -the respondents filled out the questionnaires on their own and in confidentiality and questionnaires were only marked with a number without any particulars of the respondent. Also, it is possible to take into consideration information bias since the respondents knew their HCV status. To reduce this bias authors provided detailed explanations to the respondents on the importance of the study and their answers, there were no deadlines for filling out the questionnaires, and standard questions and answers were used. Regardless of these limitations, we tried to reduce them as much as possible, and we believethat none of them jeopardize the validity of the study.
Conclusion
This is the first study that thoroughly deals with the epidemiological characteristics of the HCV infection in Serbia. It is established that Serbia belongs to the group of mid-endemic European countries on the prevalence of HCV infection, with intravenous drug use carrying the highest risk for this infection. Also transfusions of blood and blood derivatives continue to pose a real risks of this infection in Serbia. More attention should be paid to adhering to recommended practices for preventing blood borne diseases in dentistry, and in education on improving attitudes about HCV risk reduction. Determining these data is important step for the inclusion of Serbia in the system of monitoring HCV infection in Europe, for planning the costs of the health service and preventive measures. Considering limitations that cannot be overcome regardless of the invested effort, this reportcould serve as the initial premise for future targeted studies of the epidemiological characteristics of this important infection.
